HIGH-VOLTAGE TRANSFORMER AND DISCHARGE LAMP DRIVING 

APPARATUS 



RELATED APPLICATIONS 
[0001] This application claims the priority of Japanese Patent Application No. 
2003-122486 filed on April 25, 2003, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 
[0002] The present invention relates to a high-voltage transformer and a 
discharge lamp driving apparatus which are used, for example, in a lighting circuit of 
a discharge lamp for backlight in a liquid crystal display panel and, in particular, to a 
high-voltage transformer and a discharge lamp driving apparatus, used in a DC/AC 
inverter circuit, for simultaneously lighting a plurality of discharge lamps. 

Description of the Prior Art 
[0003] It has conventionally been known to discharge/light a plurality of cold 
cathode fluorescent lamps (hereinafter referred to as CCFLs) simultaneously as 
backlight for various liquid crystal display panels used in notebook PCs, for example. 
Using a plurality of CCFLs as such can respond to demands for higher luminance and 
uniform illumination in liquid crystal display panels. 

[0004] Known as a typical circuit for lighting this kind of CCFL is an inverter 
circuit which converts a DC voltage of about 12 V into a high-frequency voltage of 
about 2,000 V or higher at 60 kHz by using a high-voltage transformer, so as to start 
discharging. After the discharging is started, the inverter circuit regulates the 
high-frequency voltage so as to lower it to a voltage of about 800 V which is required 
for keeping the discharge of CCFL. 

[0005] As high-voltage transformers (inverter transformers) used in such an 
inverter circuit, those with a small size have been in use in view of the demand for 
making liquid crystal display panels thinner. Since the high-voltage transformers 
are necessary by the number of CCFLs in a single liquid crystal display, there is an 
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urgent need for establishing a technique for further saving their space and 
manufacturing cost. Known as an example responding to such a need is the 
discharge lamp driving circuit shown in Fig. 12. 

[0006] This discharge lamp driving circuit is configured such that a DC input 
voltage is fed to the primary side of a high-voltage transformer 610 by way of a 
known Royer oscillation circuit 600, so as to generate a high voltage of about 2,000 
V or higher on the secondary side of the high-voltage transformer 610 at the time 
when discharge lamps start lighting, whereas the high voltage on the secondary side 
is applied to cold cathode fluorescent lamps CCFLl, CCFL2 by way of ballast 
capacitors Cbl, Cb2, respectively. Connecting the ballast capacitors Cbl, Cb2 to 
the CCFLl, CCFL2, respectively, in series can eliminate fluctuations in the starter 
voltage of each lamp, whereby a plurality of CCFLs can be lit by a single transformer 
while suppressing fluctuations in the discharging operation of each CCFL. 
[0007] However, a voltage of (1,600 to 2,000 V between both ends of a CCFL) 2 
to 2.5 times that at the time of normal lighting (800 V between both ends) is 
necessary at the time when the CCFL starts lighting, and a voltage of about 400 V or 
higher is divisionally applied between both ends of a ballast capacitor Cb connected 
thereto, whereby a high voltage of at least about 2,000 V is continuously outputted 
from the secondary side of the transformer when the CCFL starts lighting and keeps 
normally lighting. 

[0008] Continuously outputting such a high voltage lowers the reliability of the 
transformer, thus making it difficult to secure safety against the isolation voltage 
between turns of the secondary coil in the transformer and the like. 
[0009] The secondary voltage may be varied between when the CCFL starts 
lighting and lights normally, so that the voltage is lowered at the time of normal 
lighting. However, the high-voltage transformer 610 has no function to regulate its 
voltage. Though the circuit part for driving the high-voltage transformer 610 has a 
PWM control function in general, this is usually a voltage control function for 
keeping the lamp lighting at the time of normal lighting, whereby it is essentially 
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difficult to switch a starter voltage of about 2,000 V or higher to a normal lighting 
voltage of about 800 V. 

[0010] Therefore, when employing a technique for switching the secondary 
voltage between the initial lighting time and the normal lighting time, a 
configuration basically different from conventional ones is required to be developed. 

SUMMARY OF THE INVENTION 
[0011] It is an object of the present invention to provide a high-voltage 
transformer with switchable secondary voltages and a discharge lamp driving 
apparatus, which can stably keep a plurality of discharge lamps lighting with a single 
transformer, improve the reliability of the transformer, and secure safety against the 
isolation voltage between turns of the secondary coil of the transformer and the like. 
[0012] For achieving such an object, the present invention provides a 
high-voltage transformer for lighting a plurality of discharge lamps, the high-voltage 
transformer comprising a primary coil for inputting an AC voltage and a secondary 
coil for outputting a predetermined AC voltage higher than the AC voltage inputted, 

wherein the primary coil comprises a starter primary winding for initially 
lighting the discharge lamps, and a normal lighting primary winding for normally 
lighting the discharge lamps. 

[0013] The starter primary winding may be comprised by a part of the normal 
lighting primary winding by providing a tap in the normal lighting primary winding, 
or provided independently from the normal lighting primary winding so as to have a 
diameter smaller than that of the normal lighting primary winding. 
[0014] Preferably, the starter primary winding has a smaller number of turns 
than that of the normal lighting primary winding. 

[0015] The high-voltage transformer may be an inverter transformer. 

[0016] The discharge lamp may be a cold cathode fluorescent lamp. 

[0017] The present invention provides a discharge lamp driving apparatus 

comprising the high-voltage transformer of the present invention, the apparatus 

further comprising: 
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first switching means for controlling an energizing state of the starter 
primary winding; and 

second switching means for controlling an energizing state of the normal 
lighting primary winding. 

' [0018] Preferably, a switching frequency for driving the first switching means 
and a switching frequency for driving the second switching means are switchable 
therebetween. 

[0019] Preferably, the first and/or second switching means is a full-bridge 
circuit. 

[0020] Preferably, the first and second switching means are partly used in 
common. 

[0021] Preferably, the first switching means energizes the starter primary 
winding for a predetermined time, and then the second switching means energizes 
the normal lighting primary winding. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] Fig. 1 is an overall plan view of the high-voltage transformer in 
accordance with an embodiment of the present invention; 

[0023] Fig. 2 is a wiring diagram of the high-voltage transformer in accordance 
with the above-mentioned embodiment; 

[0024] Fig. 3 is a circuit diagram showing the discharge lamp (apparatus) in 
accordance with an embodiment of the present invention; 

[0025] Fig. 4 is a block diagram showing the lighting controller shown in Fig. 3; 
[0026] Figs. 5A and 5B are flowcharts showing the processing procedure of a 
CPU controlling the oscillation frequency control means shown in Fig. 4; 
[0027] Fig. 6 is a view showing a modified mode of the transformer wiring 
diagram of Fig. 2; 

[0028] Fig. 7 is a sectional view showing an example in which the present 
invention is applied to a so-called double transformer type high-voltage transformer; 
[0029] Fig. 8 is a circuit diagram showing a modified mode of the discharge lamp 
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driving circuit of Fig. 3; 

[0030] Fig. 9 is a circuit diagram showing a modified mode of the discharge lamp 
driving circuit of Fig. 3; 

[0031] Fig. 10 is a schematic plan view showing a modified mode of the 
high-voltage transformer shown in Fig. 1; 

[0032] Fig. 11 is a transformer wiring diagram showing a high-voltage 
transformer in accordance with the prior art; and 

[0033] Fig. 12 is a circuit diagram showing a discharge lamp driving circuit in 
accordance with the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0034] In the following, the high-voltage transformer in accordance with an 
embodiment of the present invention will be explained in detail with reference to the 
accompanying drawings. 

[0035] Fig. 1 is a plan view showing the exterior of the high-voltage 
transformer in accordance with an embodiment of the present invention, whereas 
Fig. 2 is a wiring diagram showing a characteristic concept of the high-voltage 
transformer. 

[0036] The high-voltage transformer 11 in accordance with this embodiment 
shown in Fig. 1 is an inverter transformer used in a DC/AC inverter circuit for 
simultaneously discharging/lighting two CCFLs (cold cathode fluorescent lamps). 
Its primary coil 45 and secondary coil 47 are wound about a common rod-shaped 
magnetic core (hidden in Fig. 1) made of ferrite or the like which is a soft magnetic 
material, and are electromagnetically connected to each other by the common 
rod-shaped magnetic core. 

[0037] An insulating partition 44 is disposed between the primary coil 45 and 
the secondary coil 47. 

[0038] In practice, the primary coil 45 and secondary coil 47 are wound about 
the outer periphery of a tubular bobbin 21 having a rectangular cross section, 
whereas the rod-shaped magnetic core is inserted in the bobbin 21. Both end faces 
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of the bobbin 21 are provided with brims 41a, 41b. 

[0039] The rod-shaped magnetic core is electromagnetically connected to a 
frame-shaped magnetic core 29 formed from the same material as the rod-shaped 
magnetic core, whereby a magnetic path is formed. 

[0040] Here, the amount of gap between the rod-shaped magnetic core and the 
frame-shaped magnetic core 29 is determined by how much leakage magnetic flux is 
to be generated, and can be made substantially zero. Also, without providing the 
frame-shaped magnetic core 29, the magnetic core may be constructed by using the 
rod-shaped magnetic core alone, so as to form an open magnetic path structure. 
[0041] The leading end, intermediate terminal 45T, and terminating end of the 
primary coil 45 are respectively connected to terminal pins 17a, 17b, 17d secured to 
a coil terminal support 27. The leading and terminating ends of the secondary coil 
47 are respectively connected to terminal pins 18a, 18b secured to a coil terminal 
support 28. The terminal supports 27, 28 are formed from an insulating material. 
[0042] As shown in Fig. 2, the high-voltage transformer 11 is wired such that 
both ends of the primary coil 45 are connected to the terminal pins 17a, 17b, 
whereas the intermediate terminal 45T is connected to the terminal pin 17d. On 
the other hand, the secondary coil 47 is connected to the terminal pins 18a, 18b. A 
starter primary winding is formed by the winding between one of the ends of the 
primary coil 45 and the intermediate terminal 45T, whereas a normal lighting 
primary winding is formed by the winding between the ends of the primary coil 45. 
This forms two kinds of primary winding having respective numbers of turns 
different from each other with a common part. 

[0043] As mentioned above, Fig. 2 shows a characteristic feature of the 
high-voltage transformer 11 in accordance with this embodiment, which is more 
clearly seen when compared with Fig. 11 showing the state of wiring of a 
conventional high-voltage transformer in which both ends of a primary coil 145 are 
respectively connected to terminal pins 117a, 117b whereas both ends of a secondary 
coil 147 are respectively connected to terminal pins 118a, 118b. 
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[0044] Fig. 3 shows a discharge lamp driving circuit equipped with a 
high-voltage transformer 64 in accordance with this embodiment. 
[0045] In this discharge lamp driving circuit, two CCFLs (CCFLl, CCFL2) 
connected to the secondary side of the high-voltage transformer 64 are driven to 
light, whereas a full-bridge circuit 60 and a lighting controller 63 which are 
connected to the primary side of the high-voltage transformer 64 construct an 
inverter circuit. 

[0046] As shown in Fig. 3, the full-bridge circuit 60 having a voltage supplied 
from a DC power line (V^c) generates an AC voltage. The high-voltage transformer 
64 raises the AC voltage fed to the primary coil 64A, thereby causing the secondary 
coil 64B to generate a high AC voltage. Thus generated high AC voltage is applied 
to the two CCFLs (CCFLl, CCFL2) connected to the secondary coil 64B. In order 
for the two CCFLs having a high AC voltage applied thereto as such to stably light at 
the same time, ballast capacitors (Cbl, Cb2) are connected between the secondary 
coil 64B of the high-voltage transformer 64 and the respective CCFLs (CCFLl, 
CCFL2). 

[0047] In this embodiment, as explained in connection with Fig. 2, a starter 
primary winding (with a smaller number of turns) is formed by the winding between 
one of the ends (a or c) of the primary coil 64A and the intermediate terminal (b), 
whereas a normal lighting primary winding (with a greater number of turns) is 
formed by the winding between the ends (a and c) of the primary coil 64A. 
[0048] In this embodiment, two primary windings are provided because of the 
following reason: 

[0049] At the time when a CCFL starts lighting, a voltage which is 2 to 2.5 
times that at the time of normal lighting is necessary, whereby a high voltage of 
about 1,600 to 2,000 V is applied between both ends of the CCFL in general. 
Therefore, the isolation break down voltage between turns on the secondary coil or 
the like approaches its limit when in use. 

[0050] In order for the single high-voltage transformer 64 to light a plurality of 
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CCFLs stably at the same time, a ballast capacitor Cb is connected to its 
corresponding CCFL, whereby a voltage of 400 V, for example, is divisionally applied 
between both ends of the ballast capacitor Cb. Therefore, the CCFLs cannot start 
lighting unless a voltage obtained by adding, for example, 400 V to the 
above-mentioned voltage of about 1,600 to 2,000 V is generated on the secondary 
side 64B. 

[0051] When such a high voltage is continuously generated, it is hard to secure 
safety against the isolation voltage between turns of the secondary coil in the 
transformer. Also, it lowers the reliability of the transformer. 

[0052] Therefore, when discharge lamps start lighting, the starter primary 
winding (a-b) having a smaller number of turns (e.g., 10 turns) is used as shown in 
Figs. 2 and 3, so as to yield a higher step-up ratio, thereby causing the secondary 
coil 64B to generate a high voltage (e.g., 2,000 V) required for the discharge lamps 
to start lighting. After the CCFLs start lighting, on the other hand, the normal 
lighting primary winding (a-c) having a greater number of turns (e.g., 18 turns) is 
used, so as to yield a lower step-up ratio, thereby causing the secondary coil 64B to 
generate a low voltage (e.g., 1,200 V) required for the discharge lamps to keep 
lighting. 

[0053] The full-bridge circuit 60 comprises a first-stage switching section A, a 
second-stage switching section B, and a third-stage switching section C, each 
including two FETs. The starter primary winding (a-b) is energized when the first 
switching section A and third switching section C are switched therebetween, 
whereas the normal lighting primary winding (a-c) is energized when the first 
switching section A and second switching section B are switched therebetween. 
[0054] Namely, the starter primary winding (a-b) is energized when a first state 
where FETs 61A and 62C are turned ON and a second state where FETs 62A and 
61C are turned ON are alternately repeated. In Fig. 3, the solid line shows the 
current passage in the first state. 

[0055] On the other hand, an AC voltage is applied to the normal lighting 
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primary winding (a-c) when a first state where FETs 61A and 62B are turned ON and 
a second state where FETs 62A and 6 IB are turned ON are alternately repeated. 
In Fig. 3, the dotted line shows the current passage in the first state. 
[0056] Switching operations of the FETs 61A to 61C and 62A to 62C are 
controlled by a lighting controller 63. The configuration of the lighting controller 
63 will be explained later. 

[0057] Specific voltage values occurring in the secondary coil when 
predetermined voltages are applied to the starter primary winding (a-b) and normal 
lighting primary winding (a-c) will now be calculated, 

[0058] In this embodiment, as mentioned above, the number of turns of the 
starter primary winding (a-b) is made smaller than that of the normal lighting 
primary winding (a-c). In the example mentioned above, the number of turns Np is 
10 in the starter primary winding (a-b), and 18 in the normal lighting primary 
winding (a-c), which will be used in the following calculations. 

[0059] Let the number of turns Ns of the secondary coil 64B be 1,800, and the 
input voltage on the primary side be 12 V. 

[0060] (1) The output voltage V^^^ of the secondary coil in the case where the 
starter primary winding (a-b) is energized: 

Ku, = n, X 1.1 X iVr JjVp = 12 F X 1.1 X 1,800/10 = 2,376 V 
[0061] (2) The output voltage Y^^, of the secondary coil in the case where the 
normal lighting primary winding (a-c) is energized: 

J^^^, = X 1.1 X N, /ATp = 12 F X 1.1 X 1,800/18 = 1,320 V 
[0062] In this case, assuming each ballast capacitor Cb to have a capacitance of 
66 pF, the voltage V^h between both ends of the capacitor is 792 V when the 
discharge lamps start lighting, and 440 V when the discharge lamps normally light. 
Therefore, the voltage Vl between both electrodes of CCFL is 1,584 V when the 
discharge lamps start lighting, and 880 V when the discharge lamps normally light. 
[0063] Thus, in the specific example mentioned above, a high voltage of 2,376 V 
is generated from the secondary coil 64B when the discharge lamps start lighting, 
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whereas the voltage generated from the secondary coil 64B is lowered to 1,320 V at 
the time of normal lighting after the discharge lamps start lighting. This can 
prevent the secondary coil 64B of the high-voltage transformer 64 from continuously 
outputting a high voltage of about 2,000 V or more, and thus can improve the 
reliability of the transformer and the safety against the isolation voltage between 
turns of the secondary coil in the transformer and the like. 

[0064] Though a voltage is divisionally applied between both ends of each 
ballast capacitor Cb by a predetermined ratio, the above-mentioned specific example 
can secure 1,584 V as the voltage Vl between both electrodes of the CCFL at the 
time when the discharge lamps start lighting, and 880 V as the voltage Vl between 
both electrodes of the CCFL at the time when the discharge lamps normally light, 
whereby operations for initially lighting the discharge lamps and normally lighting 
the discharge lamps can be carried out favorably. 

[0065] Fig. 4 is a block diagram showing the configuration of the 
above-mentioned lighting controller 63. The lighting controller 63 regulates the 
switching of the full-bridge circuit 60 by PWM control. In the full-bridge circuit 60 
in Fig. 4, for the sake of convenience, the part relating to the switching for initially 
lighting the discharge lamps is referred to as first switching means 60A, whereas the 
part relating to the switching for normally lighting the discharging lamps is referred 
to as second switching means 60B. 

[0066] The lighting controller 63 comprises an oscillation frequency control 
means 36 for outputting a square wave at a predetermined frequency; a triangular 
wave oscillator 34 for converting the square wave of the oscillation frequency 
control means 36 into a triangular wave; and a comparator 35 for comparing an error 
level signal from an error amplifier 32 and the triangular wave signal outputted from 
the triangular wave oscillator 34 and outputting a PWM control signal, which attains 
an H level during the period when the triangular wave signal is greater, to a 
switching control means 37 by way of a switch 33. During the H level period of the 
inputted PWM control signal, the switching control means 37 regulates two driver 
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devices 38A, 38B within a driver section 38 so that one of them is selectively turned 
ON. When the first driver device 38A is turned ON, the first switching means 60A 
is driven, so as to carry out the switching operation for initially lighting the 
discharge lamps. When the second driver device 38B is turned ON, the second 
switching means 60B is driven, so as to carry out the switching operation for 
normally lighting the discharge lamps. 

[0067] As shown in Fig. 3, respective voltages on the Gnd side of two CCFLs 
are fed into the error amplifier 32 as feedback signals (FB signals) together with a 
reference signal. Since resistors 66A, 66B are connected to the respective CCFLs 
on the Gnd side, the feedback signals correspond to the respective voltage values of 

the resistors 66A, 66B between both ends thereof. 

[0068] When the value of current flowing through any of CCFLs is lowered, the 
feedback signals decrease, so that the level of an error level signal fed from the 
error amplifier 32 to the comparator 35 becomes lower, whereby the H level period 
of the PWM control signal fed into the switching control means 37 becomes longer. 
This elongates the driving period for each of the switching means 60A, 60B, 
whereby a higher current can be caused to flow through the CCFLs. 
[0069] The lighting controller 63 further comprises an abnormal voltage 
detector/comparator 31. As shown in Fig. 3, the voltage value between two 
capacitors 65A, 65B connected to the secondary side of the high-voltage transformer 
64 is fed into the abnormal voltage detector/comparator 31 together with a reference 
signal. When both of the CCFLs are damaged, an abnormally high voltage occurs on 
the secondary side of the high-voltage transformer 64 in general, thus yielding a fear 
of the high-voltage transformer 64 being broken. Therefore, if it is determined that 
an abnormally high voltage is detected by the abnormal voltage detector/comparator 
31, a switch releasing signal is sent from the abnormal voltage detector/comparator 
31, so as to turn OFF the switch 33 immediately, so that the switching control 
means 37 stop driving the switching means 60A, 60B, thereby blocking the voltage 
from being fed into the high-voltage transformer 64. This prevents the 
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high-voltage transformer 64 from being damaged. 

[0070] Fig. 5A is a flowchart showing a processing procedure of a CPU (not 
depicted) for controlling the oscillation frequency control means 36, whereas its 
specific procedure is stored in a ROM attached to the CPU. 

[0071] Referring to Fig. 5A, it is always determined whether a discharge lamp 
(CCFL) switch is turned ON or not (Si). If it is determined that an ON state is 
attained, the oscillation frequency control means 36 is caused to output an oscillation 
frequency signal at the oscillation frequency for initially lighting the discharge lamps 
(S2), and a starter switching signal is fed to the first driver device 38A (S3). 
Thereafter, it is determined whether a predetermined period of time (e.g., 2 to 3 
seconds) has elapsed from when the discharge lamps started lighting (when the 
oscillation frequency signal was outputted) or not (S4). If it is determined that the 
predetermined period of time has passed, the oscillation frequency control means 36 
is caused to output an oscillation frequency signal at the oscillation frequency for 
normally lighting the discharge lamps (S5), and a switching signal for normally 
lighting the discharge lamps is fed to the second driver device 38B (86). 
[0072] Thus, in this embodiment, the switching frequency is set high for a 
predetermined period from when the CCFLs start lighting (from when the oscillation 
frequency signal is outputted), so that the resonance with the ballast capacitors Cb is 
carried out favorably, whereby the lighting of CCFLs can be improved, 
[0073] When the oscillation frequency is made higher, the switching frequency 
of the first switching means 60A rises, thereby increasing the core loss such as iron 
loss and eddy current in the core part of the high-voltage transformer 64, which may 
deteriorate the conversion efficiency of the transformer 64, or enhancing the 
switching loss caused by the first switching means 60A, which may increase the 
amount of heat generation. Since the period during which the frequency is made 
high is short as mentioned above, however, the above-mentioned core loss and 
switching loss are negligible. 

[0074] The frequency of the oscillation frequency signal from the oscillation 
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frequency control means 36 may be made constant. Fig. 5B is a flowchart showing 
a processing procedure of the CPU (not depicted) controlling the oscillation 
frequency control means 36 in this case. In this procedure, it is always determined 
whether the discharge lamp (CCFL) switch is turned ON or not (Sll). If it is 
determined that an ON state is attained, a starter switching signal is fed to the first 
driver device 38A (S12). Thereafter, it is determined whether a predetermined 
period of time has elapsed from when the discharge lamps started lighting (when the 
switching signal was outputted) or not (S13). If it is determined that the 
predetermined period of time has passed, a normal lighting switching signal is fed to 
the second driver device 38B (S14). 

[0075] Without being restricted to the above-mentioned embodiments, the 
high-voltage transformer and discharge lamp driving apparatus of the present 
invention can be modified in various manners. 

[0076] Fig. 6 shows a modified mode of the transformer wiring diagram of Fig. 2. 
In this mode, a normal lighting primary coil 45A and a starter primary coil 45B are 
formed independently from each other. Both ends of the normal lighting primary 
coil 45A are connected to terminal pins 17a, 17b, respectively, whereas both ends of 
the starter primary coil 45B are connected to terminal pins 17c, 17d, respectively. 
In this case, for example, the number of turns is 10 in the starter primary coil 45B, 
and 18 in the normal lighting primary coil 45A. 

[0077] Fig. 7 is a sectional view showing an example in which the present 

invention is applied to a so-called double transformer type high-voltage transformer 

11. It is clear that the starter primary coil 45B and the normal lighting primary coil 

45A are formed independently from each other in this mode as well. 

[0078] As shown in Fig. 7, the center magnetic core 129A is electromagnetically 

connected to the frame-shaped magnetic core 129B, whereby a magnetic path is 

formed. 

[0079] Figs. 8 and 9 show modified modes of the discharge lamp driving circuit 
of Fig. 3. In Fig. 8, members corresponding to those of Fig. 3 are referred to with 
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numerals adding 100 to those of Fig. 3. In Fig. 9, members corresponding to those 
of Fig. 3 are referred to with numerals adding 200 to those of Fig. 3. These 
members will not be explained in detail. 

[0080] The discharge lamp driving circuit shown in Fig. 8 differs from that of 
Fig. 3 in that the third-stage switching section of its full-bridge circuit 160 
comprises a single FET 162C, and that its starter primary coil 164D and normal 
lighting primary coil 164C are formed independently from each other. Namely, in 
the discharge lamp driving circuit shown in Fig. 8, the switching for initially lighting 
the discharge lamps is effected by the ON/OFF operation of the FET 162C in the 
third-stage switching section alone. 

[0081] Therefore, as compared with the discharge lamp driving circuit shown in 
Fig. 3, the one shown in Fig. 8 is simpler in the circuit configuration and switching 
control, and can cut down the manufacturing cost since the number of FETs is 
reduced by 1. 

[0082] The discharge lamp driving circuit shown in Fig. 9 uses two FETs 261, 
262 instead of the full-bridge circuit, so as to regulate the input voltage to its 
primary coil 264A. Namely, switching the FET 262 energizes the starter primary 
winding (a-b), whereas switching the FET 261 provided with the power line (V^c) 
energizes the normal lighting primary winding (a-c). 

[0083] Therefore, as compared with the discharge lamp driving circuit shown in 
Fig. 3, the one shown in Fig. 9 is much simpler in the circuit configuration and 
switching control, and can cut down the manufacturing cost greatly since the number 
of FETs is much smaller. 

[0084] Fig. 10 shows a modified mode of the high-voltage transformer shown in 
Fig. 1. The high-voltage transformer shown in Fig. 10 is one in which a pair of 
so-called E-shaped magnetic cores 29A, 29B are opposed to each other, so as to form 
a core part. Also, its secondary coil 47 is provided with insulating brims at 
predetermined intervals in order to secure a favorable state of insulation. 
[0085] Without being restricted to the above-mentioned embodiments, the 
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high-voltage transformer and discharge lamp driving apparatus of the present 
invention are applicable to various types of transformers such as those disclosed in 
Japanese Unexamined Patent Publication No. 2002-299134 and Japanese Patent 
Application No. 2002-334131 (including both single and double transformer types in 
which a wound primary coil is positioned at the outer periphery of a wound 
secondary coil), for example, as a matter of course. 

[0086] Though the above-mentioned embodiments show examples in which two 
CCFLs are lit by a single transformer, three or more CCFLs may be lit by a single 
transformer as well. 

[0087] The high-voltage transformer of the present invention is applicable to 
not only inverter transformers, but also various kinds of transformers. 
[0088] Though the magnetic core is preferably formed from ferrite as 
mentioned above, materials such as permalloy, Sendust, and carbonyl iron, for 
example, may also be used. A dust core compression-molded from fine powders of 
these materials can be used as well. 

[0089] As explained in the foregoing, while a high voltage is generated from the 
secondary coil at the time when discharge lamps start lighting, the high-voltage 
transformer of the present invention switches the voltage-applying primary winding 
from the starter winding to the normal lighting winding at the time of normal 
lighting after the discharge lamps start lighting, so as to lower the secondary voltage 
to a level necessary and sufficient for the discharge lamps to keep lighting. This 
can prevent the secondary coil of the high-voltage transformer from continuously 
outputting the high voltage for initially lighting the discharge lamps. 
[0090] Though the secondary voltage is divisionally applied between both ends 
of each ballast capacitor by a predetermined ratio, the voltage between both 
electrodes of each discharge lamp at the time when the discharge lamp starts 
lighting and that at the time when the discharge lamp normally lights can be secured, 
whereby operations for initially lighting the discharge lamps and normally lighting 
the discharge lamps can be carried out favorably. 
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